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nbozyme immediately downstream from the sequence encoding the HPIV-3 anti-genome. The present invention also relates to a method 
of preparing recombinant HPIV-3 virus having site-specific mutations in the HPIV-3 genome. The method comprises preparing a clone 
comprising a modified HPIV-3 antigenome-encoding sequence; introducing the modified HPIV-3 clone and suppor; clones which comprise 
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cultunng the host cells under conditions that allow for synthesis of the modified HPIV-3 antigenome and the L, P, and NP proteins of 



ATTORNEY DOCKET NUMBER: 7682-051-999 
SERIAL NUMBER: 09/724,388 
REFERENCE: BU 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL Albania 

AM Armenia 

AT Austria 

AU Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI C6te d'lvoire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Denmark 

EE Estonia 



ES 


Spain 


LS 


Lesotho 


SI 


FI 


Finland 


LT 


Lithuania 


SK 


FR 


France 


LU 


Luxembourg 


SN 


GA 


Gabon 


LV 


Latvia 


sz 


GB 


United Kingdom 


MC 


Monaco 


TD 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


GH 


Ghana 


MG 


Madagascar 


TJ 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


GR 


Greece 




Republic of Macedonia 


TR 


HU 


Hungary 


ML. 


Malt 


TT 


IE 


Ireland 


MN 


Mongolia 


UA 


IL 


Israel 


MR 


Mauritania 


UG 


IS 


Iceland 


MW 


Malawi 


US 


IT 


Italy 


MX 


Mexico 


uz 


JP 


Japan 


NE 


Niger 


VN 


KE 


Kenya 


NL 


Netherlands 


YU 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


KP 


Democratic People's 


NZ 


New Zealand 






Republic of Korea 


PL 


Poland 




ICR 


Republic of Korea 


FT 


Portugal 




KZ 


Kazakstan 


RO 


Romania 




LC 


Saint Lucia 


RU 


Russian Federation 




LI 


Liechtenstein 


SD 


Sudan 




LK 


Sri Lanka 


SE 


Sweden 




LR 


Liberia 


SG 


Singapore 





Slovenia 

Slovakia 

Senegal 

Swaziland 

Chad 

Togo 

Tajikistan 

Turkmenistan 

Turkey 

Trinidad and Tobago 

Ukraine 

Uganda 

United States of America 

Uzbekistan 

Viet Nam 

Yugoslavia 

Zimbabwe 



WO 98/50405 PCT/US98/09270 



An Infectious Clone for Human Parainfluenza Virus Type 3 



This work was supported in part by National Institutes of Health Grant No. 32027 from the 
Institute of Allergy and Infectious Diseases. The government may have rights in this invention. 

BACKGROUND 

Recognized in 1956 as a cause of respiratory infection in man, human parainfluenza viruses 
5 (HPIV) are believed to account for 4 to 22 percent of the respiratory illnesses in children, second only to 
respiratory syncytial virus in this regard. HPIV are important causes of the lower respiratory tract diseases 
such as pneumonia.and bronchiolitis, and are the most common cause of croup in young children. Of the 
four HPIV serotypes, 1-4, type 3 virus (HPIV-3), appears to be the most virulent, frequently causing 
bronchiolitis and pneumonia during the first month of life. 

1 0 Unfortunately, effective vaccines or antiviral therapies, which can be used to prevent or treat 

HPIV-induced infections, are not presently available. Standard methods which are used to produce inactive 
viruses, such as heat inactivation or chemical treatment of the virus, have been unsuccessful with all HPIV 
strains and serotypes, including HPIV-3. Moreover, standard methods for producing attenuated viruses 
produce mutations at random sites and do not allow one to modify the HPIV genome at specific sites or to 

1 5 control the number of mutations that are introduced into genome. 

Human parainfluenza viruses are enveloped, single-stranded, negative sense RNA viruses that are 
members of the paramyxovirus genus within the family Paramyxoviridae. Replication of the human 
parainfluenza viral genome (vRNA) is similar to that of other members of the Paramyxoviradae family. 
Upon infection of a cell, transcription is the major RNA synthetic event, resulting in the production of the 

20 viral mRNAs from the negative-sense genome, i.e., the vRNA. Later in infection a transition to RNA 
replication occurs, resulting in synthesis of a full-length, antigenomic, positive-sense RNA. which serves as 
the template for synthesis of additional negative-sense genomic RNA. Transcription and replication of the 
genomic RNA is dependent upon formation of a ribonucleoprotein complex (RNP) consisting of the 15462 
nucleotide genomic RNA encapsidated by the nucleocapsid protein (NP), and the closely associated 

25 phosphoprotein (P), and the large (L) polymerase protein. Several host cell factors are also involved in the 
replicative cycle of HPIV. 

The requirement for an intact RNP for HPIV has hindered analysis of HPIV transcription and 
replication in a cell-free system. Efforts to encapsidate HPIV-3 vRNA in vitro have failed, and unlike the 
positive sense RNA viruses, naked HPIV vRNA is not infectious. Moreover, there currently are no known 

30 systems for preparing recombinant HPIV, including recombinant infectious HPIV-3. 





WO 98/50405 



PCT/US98/09270 



10 



15 



20 



25 



30 



Accordingly, there is a need for new reagents, systems, and methods that enable one to produce a 
recombinant HPIV, particularly a recombinant, infectious HPIV-3. Recombinant systems that permit one 
to introduce one or more site-specific mutations into the genome of HPIV, particularly HPIV-3, are 
desirable. Recombinant systems which allow one to characterize the effect of site-specific mutations on 
the transcription or replication of human parainfluenza viral RNA and to identify the site specific mutations 
which lead to the production of attenuated HPIV are especially desirable. 



In accordance with the present invention a system for generating recombinant, human 
parainfluenza virus, particularly infectious, recombinant, human parainfluenza virus type 3 (HPIV-3) is 
provided. In one embodiment, the system comprises a clone comprising a nucleotide sequence that 
encodes a full-length, positive sense, anti-genome of HPIV, and at least one support clone comprising a 
nucleotide sequence that encodes the HPIV P protein and the HPIV L protein. In another embodiment, the 
system further comprises a support clone which comprises a nucleotide sequence that encodes the HPIV 
NP protein. Preferably, each of the clones in the system comprises an RNA polymerase promoter which is 
operatively linked to the respective HPIV nucleotide sequence contained within the clone. 

The present invention also provides a clone which comprises a nucleotide sequence encoding the 
full-length, positive sense, anti-genome of HPIV-3. The clone also comprises an RNA polymerase 
promoter operatively linked to the HPIV-3 antigenome-encoding sequence. In a preferred embodiment, 
the clone further comprises a nucleotide sequence which encodes a ribozyme immediately downstream 
from the sequence encoding the HPIV-3 anti-genome. 

The present invention also relates to a method of preparing recombinant HPIV-3 virus having site- 
specific mutations in the HPIV-3 genome. The method comprises preparing a clone comprising a modified 
HPIV-3 antigenome-encoding sequence; introducing the modified HPIV-3 clone and support clones which 
comprise nucleotide sequences encoding an HPIV-3 P protein, an HPIV-3 L protein, and, preferably, an 
HPIV-3 NP protein into host cells.; and culturing the host cells under conditions that allow for synthesis of 
the modified HPIV-3 antigenome and the L, P, and NP proteins of HPIV-3. 

The ability to produce recombinant, HPIV-3 virus genetically engineered to contain site-specific 
mutations within the HPIV-3 genes and cis-acting elements expedites the study of all aspects of the virus 
replication cycle. Additionally, a system which permits production of recombinant HPIV that is 
genetically engineered to contain site-specific mutations within the HPIV-3 genome is useful for 
identifying attenuating parainfluenza genotypes and for developing a live vaccine for human parainfluenza 
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Figure 1 depicts the DNA form of the nucleotide sequence of the HPIV-3 genome and shows the 
location of restriction sites, the leader sequence, the trailer sequence, and the protein encoding regions of 
the genome. 

Figure 2 is a restriction map of the pOCUS-2™ vector. 
5 Figure 3 is a restriction map of pMG(+) showing the location of the leader sequence, luciferase 

encoding region, and theT7 promoter and terminator. 

Figure 4 is a restriction map of pHPIV-3 showing the location of the leader sequence and the 
protein encoding regions of HPIV-3 . 

Figure 5 is a schematic depiction of the full-length infectious clone, pHPIV-3. VV(|>, vaccinia 
1 0 virus polymerase stop signal (TTTTTNT); T7, T7 RNA polymerase promoter; le, HPIV-3 leader sequence; 
NP, P, M, F, HN and L are the HPIV-3 protein coding regions; tr, HPIV-3 trailer sequence; Rz, the 
hepatitis delta virus antigenomic ribozyme; T7<|>, T7 RNA polymerase terminator signal. Regions 
containing substitution mutations are expanded and shown above with the specific changes indicated. The 
A to G change at viral base 94 creates a Sac] site and the A to G change at viral base 15389 creates a Stul 
1 5 site. 



DETAILED DESCRIPTION OF THE INVENTION 
In accordance with the present invention a system for generating recombinant, human 
parainfluenza virus is provided. In a preferred embodiment, the system is used to generate recombinant 

20 HPIV-3. The system comprises a clone comprising a nucleotide sequence, preferably a double-stranded 
DNA sequence, which encodes a full-length, positive sense anti-genome of HPIV hereinafter referred to as 
the "HPIV clone", and one or more support clones which comprise nucleotide sequences that encode an 
HPIV P protein and an HPIV L protein. The nucleotide sequences that encode the HPIV P protein and 
HPIV L protein may be within the same clone. However, for ease of manipulation, it is preferred that the 

25 nucleotide sequences that encode the HPIV P protein and the HPIV L protein be on separate clones. 
Preferably the HPIV clone comprises a sequence encoding an HPIV-3 antigenome. Preferably the support 
clone or clones encode a P protein and an L protein of HPIV-3. In another embodiment the system further 
comprises a support clone which comprises a nucleotide sequence that encodes the HPIV NP protein, 
preferably the HPIV-3 NP protein. 

30 As used herein "clone" refers to double-stranded DNA that can be introduced into a cell and 

expressed. The clone may be in the form of a viral vector such as, for example, a vaccinia viral vector, or, 
preferably, in the form of a plasmid. Preferably, the HPIV clone and the support clones each comprise an 
RNA polymerase promoter, more preferably a T7 RNA polymerase promoter. Each of the RNA 
polymerase promoters is operatively linked to the corresponding HPIV encoding sequence in the clone. 

35 Thus, the RNA polymerase promoter on the HPIV clone is operatively linked to the HPIV sequence and 
the RNA polymerase on the support clones are operatively linked to the sequence or sequences encoding 
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the respective HPIV protein. Preferably, the plasmids comprising the clone also comprise an origin of 
replication, particularly a bacterial origin of replication. 

The present invention also provides a clone which comprises a nucleotide sequence encoding the 
anti-genomic sequence of HPIV-3, hereinafter referred to as the "HPIV-3 clone". Preferably, the HPIV-3 
5 clone encodes a full-length antigenomic sequence of HPIV-3. As used herein "full-length" means that the 
anti-genomic sequence is complementary to the entire negative sense, genomic sequence of HPIV-3 
extending from the 3' nucleotide of the leader sequence through the 5 'nucleotide of the trailer sequence of 
the HPIV-3 genome. The DNA form of the full-length, genomic sequence of HPIV-3, SEQ ID NO:l, is 
shown in Fig. 1. In addition to the leader and trailer sequences, the HPIV-3 clone contains sequences 

10 encoding the HPIV-3 proteins N, P, M, F, HN, and L, as well as the cis-acting elements. The HPIV-3 
clone may encode a wild-type HPIV-3 antigenome sequence or a modified HPIV-3 antigenome having one 
or more mutations contained therein. The mutation may be in the form of a foreign gene which is inserted 
into the HPIV-3 antigenome-encoding sequence. Preferably, the mutations are substitutions of one or more 
nucleotides, deletions of 6 to 12 nucleotides, or additions of 6 to 12 nucleotides in the HPIV-3 

1 5 antigenome-encoding sequence. More preferably, the modified HPIV-3 clone contains substitutions either 
in the genes or the cis-acting elements, or both of the HPIV-3 antigenome-encoding sequence. 

Preferably, the HPIV-3 clone is a plasmid that comprises a nucleotide sequence which encodes a 
ribozyme, more preferably the hepatitis delta virus antigenomic ribozyme, immediately downstream from 
the HPIV antigenome-encoding sequence. Following transcription of the clone, the ribozyme cleaves the 

20 ribozyme from the HPIV antigenome to provide a replication competent 3' end on the antigenome. More 
preferably, the HPIV-3 clone also comprises an RNA polymerase terminator following the ribozyme 
sequence. In one embodiment, the HPIV-3 clone is the plasmid pHPIV-3 depicted in Fig. 5, which 
plasmid was deposited with the American Type Culture Collection, 12301 Parklawn Drive, Rockville, MD 
20852, USA, on May , 1998 and has Accession Number . 

25 The present invention also relates to a method of preparing recombinant HPIV, particularly 

HPIV-3, using the above described system. The method comprises introducing an HPIV clone and the 
support clones which encode HPIV P protein and HPIV L protein, into host cells, preferably human cells; 
culturing the host cells under conditions that allow for formation of an HPIV anti-genomic transcript, 
synthesis of the HPIV genome (vRNA) and the HPIV proteins L, P, and NP, and formation of a 

30 recombinant HPIV; and recovering the recombinant HPIV from the culture. Preferably the host cells which 
are transfected with the HPIV clone and support clones, contain an RNA polymerase that corresponds to 
the RNA polymerase promoter that is operatively linked to the HPIV sequences in the HPIV clone and the 
support clones. In a preferred embodiment, a support clone comprising the nucleotide sequence which 
encodes the HPIV-NP protein operatively linked to an RNA polymerase promoter is also introduced into 

35 the cells. Preferably, the host cells are infected with a viral recombinant, preferably a vaccinia virus 
recombinant, which expresses the RNA polymerase, more preferably the T7 RNA polymerase, prior to or 
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in combination with transfection with the HPIV clone and support clone or clones. When such cells are 
infected with the vaccinia virus recombinant, it is preferred that the HPIV-3 clone also comprise a vaccinia 
virus RNA polymerase terminator upstream of the T7 RNA polymerase and a vaccinia virus RNA 
polymerase terminator downstream of the T7 RNA polymerase terminator. 



genome of a recombinant HPIV-3. The method comprises preparing a a modified HPIV-3 clone 
comprising one or more mutations in the sequence which encodes the HPIV-3 anti-genome; introducing 
the modified HPIV-3 clone and support clones comprising sequences which encode HPIV-3 P protein and 
HPIV-3 L protein, and preferably, HPIV-3 NP protein into host cells; and culturing the host cells under 

1 0 conditions that allow for formation of a modified HPIV-3 antigenomic transcript and synthesis of the 
HPIV-3 L, P, and NP proteins. The modified HPIV-3 clone and the support clones contain an RNA 
polymerase promoter that is operatively linked to the HPIV-3 protein-encoding sequences. The host cells 
contain within the cytoplasm thereof an RNA polymerase that corresponds to the RNA polymerase 
promoter on the modified HPIV-3 clone and the support clones. 

1 5 Preferably, the modified HPIV-3 clone, containing one or more mutations therein, is made by 

conventional PCR techniques using an HPIV-3 clone as a template. The mutations are made in the cis- 
acting elements of the HPIV-3 sequence or in an HPIV-3 protein encoding sequence. Preferably the 
mutation is made in the L protein-encoding sequence. If mutations are made in the HPIV-3 protein- 
encoding sequences of the HPIV-3 clone, it is preferred that a similar type of mutation be made in the same 

20 site in the protein encoding sequence of the corresponding support clone. For example, if a mutation is 
made at a specific site in the L protein-encoding sequence of the HPIV-3 clone, it is preferred that the same 
mutation be made at the same site in the L protein-encoding sequence of the L protein-encoding support 
clone. Such method is useful for identifying mutations that block the synthesis of viral particles or result in 
the production of non-infectious or non-virulent HPIV-3. 

25 To determine whether the mutated viruses produced by the above-described method are non- 

virulent, i.e., attenuated, the mutated viruses are first tested in vitro to determine whether the mutation has 
resulted in a slower growing phenotype, i.e., the mutated virus grows more slowly in tissue culture than the 
wild-type virus. The mutated viruses which exhibit this phenotype are then examined inviyo, by injection 
into an animal, such as the cotton rat, which is good experimental model for parainfluenza virus. The 

30 infected animals are then examined to determine if they are producing antibodies to HPIV-3 and to 
determine if there is a reduction in the severity of symptoms as compared to animals infected with wild- 
type virus. 

The ability to produce recombinant HPIV-3 virus genetically engineered to contain specific 
alterations within the HPIV-3 genes and cis-acting elements expedites the study of all aspects of the virus 
35 replication cycle. Additionally, a system which permits production of recombinant HPIV that is 
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genetically engineered to contain specific alterations within the HPIV-3 genes is useful for identifying 
attenuating parainfluenza genotypes and for developing a live vaccine for human parainfluenza virus. 

The following examples of methods of preparing a full-length cDNA clone of HPIV-3 and 
methods of preparing a modified or mutated, infectious, recombinant HPIV -3 are for purposes of 
5 illustration and are not intended to limit the scope of the invention. 
Example 1. Construction of a Full-Length cDNA Clone of HPIV-3. 

The construction of a full-length infectious clone of HPIV-3 containing mutations at specific sites 
was achieved by a two-step process. The initial step was the generation of a minireplicon which contained 
the positive sense leader portion region and trailer regions of HPIV-3. The second step involved the 

10 insertion of RT-PCR fragments derived from HPIV-3 genomic RNA into the minireplicon.The positive- 
sense minireplicon contained the following: A T7 promoter which directed the synthesis of two non-viral G 
residues, followed by the positive-sense leader region of HPIV-3, a portion of the NP 5' UTR (to viral base 
97), the luciferase gene, a portion of the L 3'UTR (starting at viral base 15387) and trailer sequences of 
HPIV-3. The full-length nucleotide sequence of HPIV-3 genome and the location of the leader sequence, 

1 5 trailer sequence and protein-encoding regions is shown in Figure 1. The hepatitis delta virus antigenomic 
ribozyme followed to effect precise cleavage after the 3 terminal HPIV-3 specific base. A T7 RNA 
polymerase terminator was also incorporated into the replicon followed the ribozyme sequence. 
Additionally, vaccinia virus polymerase termination signals were inserted immediately upstream and 
downstream of the aforementioned sequences. During the construction, single base changes were created 

20 in the regions encoding the NP 5* UTR and the L 3 UTR. An A to G change at viral base 94 and the A to 
G change at base 15389 created Sad and StuI sites, respectively, which served as genetic tags to identify 
virus as being of recombinant origin. 

The vector pOCUS-2 (Novagen) was chosen as the starting plasmid for preparing the mini- 
replicon [pPIV3-MG(+)L because of its small size (1930 bp). It is believed that the use of a small starting 

25 plasmid may increase the stability of the full-length clone. 

The mini-replicon was constructed by generating PCR products encoding the leader and trailer 
regions flanked by a T7 promoter and hepatitis delta virus antigenomic ribozyme, respectively. The 
primers used for synthesis of the T7 promoter/leader region were: 5'- 
TAGTCGGCCC TAATACGACTCACTATAGG ACCAAACAAGAGAAGAA 

30 ACT-3\ SEQ ID NO:2, and 5 ' -G A AATTATAG AGCTCCCTTTTCT-3 * , SEQ ID NO:3. The first primer 
encodes an EagI site and the T7 promoter (underlined) and the second primer introduced an A to G base 
change at viral base 94, (bold) within the 5' untranslated region (UTR) of the NP mRNA, which creates a 
Sacl site. The template for this reaction pHPIV3-CAT f described in De, B. P. and A. K. Banerjee. (1993.) 
Rescue of synthetic analogs of genome RNA of human parainfluenza virus type 3. Vir. 196:344-348, 

35 which is incorporated herein by reference. The resulting PCR product was cloned into the EagI and Sacl 
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sites of pOCUS-2, which is depicted in Figure 2. The primers used for synthesis of the trailer/ribozyme 
region were: 

5'-TAAGGCCTAAAGATAGACAAAAAGTAAGAAAAACATGTAATATATATA 
TACCAAACAGAGTTCTTCTCTTGTTTGGTGGGTCGGCATGGCATCTC-3 , 1 
5 SEQ ID NO:4, and 5 , -CTGGGTAC CTCCCTTAGCCATCCGAGT -3 , < SEQ ID NO:5. The first primer 
contains sequence from the 3* UTR of the L mRNA, through the trailer, and primes synthesis of the 
ribozyme (underlined). Also, an A to G change at viral base 15389 (bold), which creates a StuI site within 
the 3'UTR of the L mRNA is encoded by this primer. The second primer encodes the 3' end of the 
ribozyme (underlined) and a Bglll site. The template for this PCR reaction was pSAl, a plasmid 

10 containing the ribozyme sequence, as previously described in Perrotta, A. T. and M. D. Been. 1991. The 
pseudoknot-Iike structure required for efficient self-cleavage of hepatitis delta virus RNA. Nature 
350:434-436, which is incorporated herein by reference. The PCR product derived from this reaction was 
cloned into the StuI and Bglll sites of pOCUS-2. The leader and trailer regions were combined into a 
single clone by transferring the Eagl/PstI fragment of the T7/leader clone into the Pacl/PstI sites of the 

1 5 trailer/ribozyme clone. 

To prevent possible interference by transcription from cryptic vaccinia virus promoters, vaccinia 
virus polymerase transcription stop signals (TTTTTNT) were inserted upstream and downstream of the 
replicon near PvuII and Sspl sites within pOCUS-2. A T7 transcription termination signal was removed 
from pET-I7b by digesting with Blpl and BspEI, and inserted into the Sspl site (blunted with T4 DNA 

20 polymerase) of pOCUS-2. A luciferase reporter gene was then inserted into the SacI and StuI sites to 
create pPIV3-MG(+), which is schematically depicted in Figure 3. 

To generate the full-length HPIV-3 clone, five RT-PCR products were generated from HPIV-3 
virion RNA and cloned. These fragments were subsequently inserted into pPIV3-MG(+), replacing the 
luciferase coding sequences, to create pHPIV-3, the full-length clone. The five RT-PCR products were 
25 generated from HPIV-3 strain 47885 virion RNA which was obtained from Robert Chanock, at the 
National Institues of Health. These PCR products, encompassing the remainder of the HPIV-3 genome, 
were identified by restriction enzyme analysis and cloned, either in pUCI9 or pOCUS-2, and then inserted 
into pP!V3-MG(+). 

The first PCR product containing viral bases 83 to 2721 was inserted into the Smal site of pUCI9. 

30 The 83/2721 clone was then digested with SacI and XmnI, removing viral bases 94 to 553 which were 
inserted into the SacI and SphI (blunt with T4 DNA polymerase) of pPIV3-MG(+). The 83/2721 clone 
was then digested with PstI to remove a fragment containing viral bases 540 to 2274, which was then 
inserted into the PstI site of the pPIV3-MG(+) clone containing the 94/554 fragment. The second PCR 
product encompassing viral bases 13395 to 15397 was cloned into the Smal site of pUC19. This 

35 13395/15397 clone was then digested with StuI and Pad and the resulting fragment containing viral bases 
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13632 to 15381 was inserted into the StuI and Pad sites of the pPIV3-MG(+) clone containing viral 
sequence to base 2274. The resulting clone contained viral bases 1 to 2274 and 13632 to 15462 in the 
pPIV3-MG(+) context. 

The third PCR product containing viral bases 7403 to 11513 was digested with BspMI (blunted 
5 with T4 DNA polymerase) and Xhol to produce a fragment containing bases 7437 to 11444 which was 
inserted into the Xhol and Sspl sites of pOCUS-2. The fourth PCR fragment containing viral bases 10904 
to 13773 was digested with Pvull and BamHI (viral bases 10918 to 13733) and inserted into the EcoRI 
(blunted with T4 DNA polymerase) and BamHI sites of pUC19. The two viral segments were combined 
by digesting the 7437/1 1444 clone with Sad (blunted with T4 DNA polymerase) and EcoNI and inserting 

10 into the 10918/13733 clone digested with EcoRI (blunted with T4 DNA polymerase) and EcoNI. The 
resulting clone contained viral bases 7437 to 13733 in a pUC19 background. The remainder of the viral 
sequence was derived from a fifth PCR product encompassing viral bases 83 to 7457 which had been 
digested with XmnI and Xhol (viral bases 553 to 7437) and cloned into the StuI and Xhol sites of pOCUS- 
2. The 7437/13733 clone was then digested with BamHI, blunted with T4 DNA polymerase, and digested 

1 5 with Xhol to release a fragment that was inserted into the EagI (blunted with T4 DNA polymerase) and 
Xhol digested 553/7437 clone. The resulting clone contained viral bases 553 to 13733. This clone was 
then digested with PshAI and Pad and the resulting fragment containing viral bases 2143 to 13632 was 
inserted into the same sites of the pPIV3-MG(+) clone containing viral bases 1 to 2274 and 13632 to 
15462. This generated pHPIV-3, the infectious clone, which is schematically depicted in Figure 4. 

20 To insert the P gene into pGEM-4, P sequences were transferred from a P-lac-fusion clone, 

(described in 38, which is incorporated herein by reference) by digesting with Xbal (blunted with T4 DNA 
polymerase) BamHI, and inserted into the Kpnl (blunted with T4 DNA polymerase) and BamHI sites of 
pGEM4. The pPIV3-NP and pPIV3-L clones, as described in 15, 16, which are incorporated herein by 
reference., were in a pGEM-4 background. The pPIV3-L clone was also modified. In the natural L mRNA 

25 sequence there is a non-initiating AUG 1 1 nucleotides from the 5' end of the transcript. This was removed 
from pPIV3-L by mutational PCR, changing viral bases 8636 and 8637 from AT to TA. 

Example 2, Preparation of Recombinant HPIV-3. 

Confluent monolayers of HeLa cells in 6-well plates were infected with recombinant vaccinia 

30 virus vTF7-3 at a multiplicity of infection of 2. vTF7-3 expresses T7 RNA polymerase as described in. 
Fuerst, T. R., P. L. Earl, and B. Moss. 1987. "Use of a hybrid vaccinia virus-T7 RNA polymerase system 
for expression of target genes." Mol. Cell. Biol. 7:2538-2544, and Fuerst, T. R., E. G. Niles, F. W. 
Studier, and B. Moss. 1986. "Eukaryotic transient-expression system based on recombinant vaccinia virus 
that synthesizes bacteriophage T7 RNA polymerase." Proc. Natl. Acad. Sci. 83:8122-8126, which are 

35 incorporated herein by reference. After 1 hour at 37°C, pPIV3-NP, pPIV3-P, pPIV3-L and pHPIV-3 were 
transfected using Lipofectin (BRL) according to manufacturers instructions. After three hours the 
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transfection medium was removed and replaced with 1.5 ml Dulbecco's modified Eagle's medium 
(DMEM)/5% fetal bovine serum. After 40 to 48 hours the plates were frozen, thawed and scraped. The 
clarified medium supernatant (250 was then used to infect fresh HeLa cell monolayers in 6-well plates. 
DMEM (1.5ml) containing 25 |ig/ml l-B-D-arabinofuranosylcytosine (araC) to inhibit vaccinia virus 
5 replication was added after a 1 hour attachment. After forty hours the plates were frozen, thawed, and 
scraped. The clarified medium supernatant was then titered for HPIV-3 in the presence of AraC. During 
the titering, isolated plaques were picked as agar plugs. The agar plugs were placed in 500 ml opti-MEM 
at 4°C for 4 hr. 250 |il were then used to infect fresh HeLa cell monolayers for amplification of the plaque 
isolates for 40 hr. 

10 In a preferred embodiment transfection conditions were 1 ng pHPIV-3, 2 ug pPIV3-NP, 4 jig 

pPIV3-P and 0.1 \xg pPIV3-L. Under these conditions approximately 1000 pfu per 6 X 10 s cells were 
obtained during the initial transfection and 1 0 6 pfu per 6 x 1 0 s cells after the amplification. 

When individual plasmids were omitted from the transfection step it was observed that the 
pHPIV-3, pPIV3-P and pPIV3-L plasmids were required for recovery of virus but, surprisingly, as shown 
1 5 in Table 1 below, pPIV3-NP was not. 
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Table 1 



Plasmids Transfected 
HPIV-3 
+ 

+ 
+ 
+ 



NP 
+ 
+ 

+ 



P 

+ 
+ 
+ 



L 
+ 
+ 
+ 



Virus Recovery 
14/1 5* 
0/2 
3/3 b 
0/3 
0/2 



25 



Table 1. Recovery of HPIV-3 from pHPIV-3. HeLa cell monolayers were infected with vTF7-3 and 
transfected with the indicated plasmids. After 40 hr cells were lysed and supernatants added to fresh HeLa 
cell monolayers in the presence of araC to inhibit vTF7-3 replication. These monolayers were then lysed 
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and the supernatants assayed for HPIV-3. The number of experiments for which HPIV-3 was recovered 
per attempts is displayed under virus recovery. 

A The single experiment that did not yield HPIV-3 used 0.1 ug of the P plasmid. 
B The omission of the NP plasmid resulted in 3 to 5 fold lower titers of HPIV-3. 

5 

Characterization of Recovered Vims. 

In order to characterize the recovered virus and to purify HPIV-3 from vTF7-3, plaques of which 
are only slightly smaller than those of HPIV-3, isolated plaques suspected to be HPIV-3 were picked and 
amplified in HeLa cells. The plaque purified and amplified virus isolates and appropriate controls were 

10 then analyzed in neutralization assays. Virus (isolates #3 and #5) was preincubated (30 min on ice) with 5 
ul rabbit pre-immune serum, 5 ul rabbit polyclonal anti-HPIV-3 antisera, or assayed in the presence of 
25ug/ml araC The sera was incubated with virus on ice for 30 min prior to a standard plaque assay. To 
allow maximal plaque development, the plates were then incubated at 37°C for 66 hr prior to staining with 
crystal violet. The results of the assay indicated that the plaque purified virus was completely inhibited by 

15 the anti-HPIV-3 antisera, while vTF7-3 was not. In contrast, the HPIV-3 isolates were not inhibited by 
AraC, whereas the vTF7-3 virus was completely inhibited. Interestingly, of the eight recombinant HPIV-3 
isolates, four had plaque sizes identical to the parental HPIV-3 stock while four were slightly larger. The 
plaque size of isolate #3 was slightly larger than isolate #5 and the wild type HPIV-3 virus. 

To determine whether the NP coding sequence of pHPIV-3, which shares the same position as 

20 luciferase in pPIV3-MG(+), was being expressed from pHPIV-3, pHPIV-3 and pPIV3-NP were separately 
transfected into vTF7-3 infected HeLa cells and cell lists prepared after 48 hr. The lysates were then 
analyzed by Western blotting using an anit-HPIV-3RNP antisera. This antisera recognizes primarily NP 
and reacts poorly with P, 

Specifically, extracts (equivalent to 6xl0 4 cells) were run on SDS-10% PAGE and transferred to 
25 nitrocellulose membranes. The primary antibody was a rabbit polyclonal anti-RNP antisera diluted 1 : 1000. 
The secondary antibody was 1:1000 dilution of a goat anti-rabbit antibody conjugated to horseradish 
peroxidase. Visualization was through chemi luminescence (ECL kit, Amersham). As shown by the 
Western blot, HPIV-3 RNP recognized NP from the pPIV3-NP and pHPIV-3 transfected cell extracts and 
from purified HPIV-3 RNP. No proteins were recognized in a mock-transfected HeLa extract. Thus, it 
30 appears that NP is expressed from pHPIV-3, presumably being translated from the T7-directed, 
antigenomic RNA transcript. 

To determine whether the recovered, recombinant virus had specific mutations in its genome, 
RNA was extracted from wild type and plaque isolated viruses and used for RT-PCR analysis using 
primers flanking the substitution mutations. Viral RNA was isolated from approximately 2xl0 7 plaque 
35 forming units (pfu) of plaque purified virus isolates #3, 5, 7 and 9, or wt HPIV-3 strain 47885/. Reverse 
transcription was carried out using Superscript II reverse transcriptase (BMB) at 44°C for 1 hr using 
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oligonucleotides which primed at viral base 23 or 15100. The PCR was carried out with Expand Long 
polymerase (BMB) using second primers which result in amplification of viral bases 23 to 303, or 15100 to 
15440. 

PCR products encompassing viral bases 1 to 324 and 15080 to 15462 were generated from the 
5 indicated isolates, digested with Sad and StuI, respectively, and analyzed on a 1.4% agarose gel.. PCR 
products of the expected sizes were generated in a RT-dependent manner, indicating that the PCR products 
were derived from RNA rather than contaminating plasmid DNA. 

As shown on the agarose gel, the sizes of the 1 to 324 and 15080 to 15462 PCR products are 
increased by 21 and 22 base pairs, respectively, over the length of the viral specific regions due to the 
10 inclusion of restriction enzyme sites in the amplification primers. Digestion with SacI showed that the 
mutation at base 94 was not present in the wild-type virus but was present in the plaque isolated viruses, 
indicating they are of recombinant origin. Similarly, PCR product derived from the region encompassing 
viral base 15389 of wild type HPIV-3 was not cleaved by StuI. However, only four of the eight plaque 
isolated viruses contained the mutation which creates the StuI site. Direct sequencing of the PCR products 
1 5 confirmed these results. 

DISCUSSION 

A full-length plasmid clone of the HPIV-3 genome, pHPIV-3 was constructed.. Upon transfection 
of pHPIV-3 and plasmids encoding the viral NP, P and L proteins into vTF7-3-infected HeLa cells, 
recombinant HPIV-3 bearing genetic markers was efficiently recovered. Several interesting features of this 

20 system were noted. First, the viral NP protein could be expressed from the infectious clone, and this 
expression obviated the need for an NP support plasmid. It is believed that the NP protein is synthesized 
directly from the primary anitgenomic transcript after it is capped by the vaccinia virus capping enzyme. 

Second, two recombinant viruses with distinct genotypes and phenotypes were produced, 
probably due to recombination between the pHPIV-3 and pPIV3-L plasmids, although the possibility that 

25 the reversion arises during RNA replication cannot be excluded. pPIV3-L contains the entire L 3* UTR and 

' part of the trailer region, extending to base 15437, an overlap of 48 base pairs beyond the StuI site. This is 
ample room for recombination between plasmids to occur readily in vaccinia virus infected cells 

From these results, there appears to be selection in the HPIV-3 system. All the lar^e plaque virus 
isolates had reverted to a wild-type sequence at base 15389, while retaining the change at base 94. Since 

30 A94G is the only known alteration in these viruses from the parental virus, it appears that The isolates 
which retained both mutations had a plaque size identical to that of the parental (wild type) virus, but when 
the 15389 mutations was lost, plaque size increased, indicating that the mutation at base 15389 was 
detrimental in the context of the A94G mutation. There was one other known change between pHPIV-3 
and the support plasmids. A non-initiating AUG exists in the natural L protein message. Since this AUG 

35 is only 1 1 nucleotides from the 5' end of the L mRNA and in a poor translation initiation context, it may 
not cause much interference with L mRNA translation. However, in the support plasmid pPIV3-L this 
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non-initiating AUG is much further from the 5* end of the transcript where it is more likely to be 
recognized by ribosomes. This AUG was removed from pPIV3-L by changing bases 8636 and 8637 from 
AT to TA, destroying a Sphl site and creating a Nhel site. To investigate whether this change was present 
in the recombinant virus and could be responsible for the large plaque phenotype, RT-PCR analysis was 
5 done. PGR products encompassing this site and derived from both the wild type and the plaque isolated 
viruses retained a wild type sequence, indicating recombination had not occurred over this region and that 
these changes could not account for any variance in plaque size. 

The finding that recombination may occur between transfected plasmids indicates that care must 
be taken when introducing mutations into the paramyxovirus or rhabdovirus infectious clone systems. 

1 0 Mutations introduced within the NP, P or L sequences preferably are carried by both the support plasmids 
and the infectious clone. Otherwise, resultant virus may not carry the desired mutation. The only possible 
exception to this is the HPIV-3 system, in which the HPIV-3 infectious clone expresses NP, negating the 
need for the NP support plasmid. Still, it is preferred that the HPIV-3 NP support plasmid be included in 
the system, since significantly greater yields of HPIV-3 were obtained when the support NP plasmid was 

1 5 included in the transfection. 

An infectious clone for HPIV-3 is useful for understanding the molecular biology of HPIV-3 and 
for developing a vaccine for this important pathogen. The ability to generate specific mutations within 
HPIV-3 makes all aspects of HPIV-3 replication amenable to study. Any mutation, including those studied 
previously in other contexts, can now be examined with this system. The ability to introduce specific 

20 mutations also permits the possibility of revertant analysis, which could refine our understanding of 
protein-protein or protein-RNA interactions. 

The infectious clone is also useful for identifying mutations which attenuate the virus. Such virus 
is useful for developing new vaccine strains of HPIV-3. In addition, mutations present in a current 
candidate vaccine strain of HPIV-3 can be inserted into pHPIV-3. Through identifying multiple deleterious 

25 mutations, it should be possible to engineer several mutations affecting various steps in the virus life cycle 
into a single HPIV-3 strain. Such a virus should be highly attenuated and not readily able to revert. 

While the invention has been described to some degree of particularity, various adaptations and 
modifications can be made without departing from the scope of the invention as defined in the appended 
claims 
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CLAIMS 

What is claimed is: 

1. A recombinant HPIV clone comprising: 

a. a nucleotide sequence encoding a positive sense, antigenome of human 
5 parainfluenza virus; and 

b. an RNA polymerase promoter operatively linked to said nucleotide sequence. 

2. The clone of claim 1 wherein the nucleotide sequence encodes the antigenome of HP1V-3. 

10 3. The clone of claim 2 wherein said clone further comprises a ribozyme sequence downstream from said 
antigenome-encoding sequence. 

4. The clone of claim 2 wherein the RNA polymerase promoter is the T7 RNA polymerase promoter. 

15 5. The clone of claim 3 wherein the ribozyme is an antigenomic ribozyme. 

6. The clone of claim 3 further comprising an RNA polymerase terminator downstream of the ribozyme 
sequence. 

20 7. The clone of claim 2 wherein the nucleotide sequence encodes a modified anti-genome of HPIV-3. 

8. The clone of claim 2 wherein the clone has the characteristics of a plasmid deposited with the 
American Type Culture Collection and having Accession Number . 

25 9. The clone of claim 7 wherein the HPIV-3 antigenome-encoding sequence comprises a mutation selected 
from the group consisting of a substitution of one or more nucleotides, a deletion of from 3 to 12 
nucleotides, and an addition of from 3 to 12 nucleotides. 

10. A method for preparing recombinant human parainfluenza virus comprising; 
30 a. providing a recombinant system which comprises: 

i. an HPIV clone comprising a nucleotide sequence encoding a positive 

sense, antigenome of human parainfluenza virus; 

ii a support clone comprising a nucleotide sequence encoding a human 

parainfluenza virus L protein; and 
35 iii. a support clone comprising a nucleotide sequence encoding a human 

parainfluenza virus P protein, 

13 
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wherein the nucleotide sequence encoding the P protein and L 



10 



15 



20 



25 



30 



protein may be on the same support clone or on separate support 

clones; 

b. introducing the recombinant system of step (a) into host cells; 

c. culturing the host cells of step (b) for a time sufficient to permit 
transfection of the host cells and formation 

of recombinant human parainfluenza virus; and 

d. recovering the recombinant human parainfluenza virus from the culture of 
transfected host cells. 

1 1 . The method of claim 1 1 wherein the antigenome-encoding sequence of the HPIV clone is 
operatively-Iinked to an RNA polymerase promoter; 

wherein the P protein-encoding sequences of the support clones is operative iy-Iinked to an RNA 
polymerase promoter ; 

wherein the L protein-encoding sequences of the support clones is operatively-Iinked to an RNA 
polymerase promoter; and 

wherein the host cells comprise an RNA polymerase corresponding to 
the RNA polymerase promoter of said HPIV clone and said support clones. 

12. The method of claim 1 1 , wherein the host cells are infected with a viral recombinant capable of 
expressing the RNA polymerase prior to or in combination with introduction of the recombinant system 
into the host cells. 

13. A host cell for producing a recombinant human parainfluenza virus, said host cell comprising: 



a. an HPIV clone comprising a nucleotide sequence encoding a positive 
sense, antigenome of human parainfluenza virus; 
b a support clone comprising a nucleotide sequence encoding a human 
parainfluenza virus L protein; and 

c. a support clone comprising a nucleotide sequence encoding a human 
parainfluenza virus P protein; 

wherein the nucleotide sequence encoding the P protein and L 
protein may be on the same support clone or on separate support 



14. The host cell of claim 13 further comprising a support clone comprising a nucleotide sequence 
encoding a human parainfluenza virus NP protein. 



clones. 
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15. The host cell of claim 13 wherein the HPIV clone comprises a nucleotide sequence encoding an anti- 
genome of HPIV-3. 

5 16. The host cell of claim 15 wherein the anti-genome encoding sequence of HP1V-3 comprises a site- 
specific mutation. 

17. The host cell of claim 14 wherein the HPIV-3 clone further comprises an RNA polymerase promoter 
operatively linked to the HPIV-3 antigenomic sequence and wherein each of the support clones comprises 

10 an RNA polymerase promoter operatively linked to the HPIV-3 protein-encoding sequence of said support 
clone. 

1 8. A method of introducing a site-specific mutation into the genome of a recombinant human 
parainfluenza virus, comprising the following steps: 

15 a. preparing a clone comprising a nucleotide sequence encoding a human 

parainfluenza viral antigenome having a mutation at a specifc site; 

b. co-transfecting host cells with the clone of step (a), 

a support clone comprising a nucleotide sequence encoding an HPIV L 
protein, and a support clone comprising a nucleotide sequence encoding an HPIV P 

20 protein; 

wherein the nucleotide sequence encoding the P protein and L 
protein may be on the same support clone or on separate support 
clones; and 

c. culturing the transfected host cells for a time sufficient to allow formation of a 
25 recombinant human parainfluenza virus. 

19. The method of claim 18 further comprising the step of transfecting the host cells with a support clone 
comprising a nucleotide sequence encoding an HPIV NP protein. 

30 20. The method of claim 1 8 wherein the clone of step (a) is prepared using polymerase chase reaction 
techniques and a clone comprising a nucleotide sequence encoding a human parainfluenza virus 
antigenome as a template, wherein the antigenome-encoding nucleotide sequence of said template clone 

lacks the site-specific mutation.. 
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QtcQQt |QatoaatQaqaQaQo| ctt )aqqQttQaaq| iQtcctQtcataccaqQacatQqQqtqqtaQatttaqogtctgctt 1760 
tQgttQttatttattctttttgQQtcctQQtttcttQggatagtQtggtcttgtQtctcQccGtttQQQtctCQgQcgatt 

• * * • • • • | | • 

1751 1757 
HboII 

SfoNI Ksp632I 

gcQQctcQQtcQatQgagQgt tcjat^QQQqcqQtqctaaoaactatcQQQtcatgqat t c 1 1 gggaagQggaaccQQga 1840 
cgttgQgttQgttQtctctcQactacctttcgctQcgQtttttgQtQgtttQgtQcctaagQQCccttctccttggttct 

* • * I * ' * 'I * 

1793 1826 

1826 
HboII 

BsoRI EcoRI Bbal 

I I I 

gatQQQtcQQctQQtQtctcctcggccctcQacQtcQttgaattcQtactcQgcoccgQcccccQagQQgQcctQtcggQ 1920 
ctQtttQgttgQttQtQgQggQgccgggQgttgtQgtQQcttQQgtQtgagtcgtggctgggggttcttctggQtQgcct 
I ' ' | * | • 

1858 1880 1907 

1907 

Haell Hindll 
I I 

QQaCgQCQCQQtCQQCQCQQgQQCCCQgCQQCtCQgcgCCQCCQtCtgtCQQCCQgQQQtCaaQCCaQCQgQQQCQQgtg 20(H) 

tttgctgtgttQgttgtgttcttgggtcgttgagtcgcggtggtQgQCQgttggtctttQgtttggttgtctttgttcQC 

• • • | • | • • • « 

1955 1968 

fell Bspl407I Sspl 

QaQQQgttQgtggatcaactgQCQQQQatagacQgtctgggtcatcQCQcgQQtgtQcaacQgaQgcQQQQgatQgaaQt 2080 

1 1 tttcQQtcacctagt tgactgt 1 1 1 tQtctgtcagacccagtagtgtgct tacatgt tgtct tcgt 1 1 tctatct t ta 

• • • . | . | . • | • 

2046 12054 2078 
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Gsul 
EcoBII 

Hbvl PshAI BsnAI 

Bdi 8spl407I HboII BsnAI BsAI 

I I || I I II I 

QttgatcaggaaactgtacQgggaggatctgggagaagaagcagctcagatagtagagctgagactgtggtctctggQgg 2160 
tQQctQgtcctttgQCQtgtccctcctQgQccctcttcttcgtcgQgtctatcQtctcgQctctgQCQCCQgQgocctcc 
I • I ' I *l * 'II II i ' 

2083 2095 2115 2141 2149 

2121 2143 2150 

2149 m 

SfoNI Sspl 

I I 
QQtctctggaQgcQtcQCQgQttctQQQQQtggaQCCcaQaQcacggagaQtQttgQtctcQQtgaaattQgQQagQtgg 2240 
t tagagacct tcgtagtg tc taagat 1 1 1 tacct tgggt 1 1 tgt gcctct tataactagagt tact t taatct t tctacc 

• | • • a | t • * 

2173 2210 

PIqI PstI EcoRV 

I I I 

QtQaggactctattgagaggQaaQtgcgQCQQtctgcagatgttccQQgcgQgQtQtcaggQQgtgatgtcatQtttQCQ 2320 
tQttcctgagatQQctctccttttacgctgttagQcgtctQcaQggttcgctctatQgtccttcQCtacagtatQQQtgt 

2246 2274 2293 

Hindi 1 1 
Bell HboII 
I I I 

QCQgQQCQQQgtQgQQQCQgtgatcQtggQQgQQgcttggQQCctQtcQgtQCQCCtgQtQCQQgttcQQtgQgtgttgt 2400 

tgtcttgtttcatctttgtcQCtQgtQccttcttcgQQCCttggatQgtcQtgtggQCtQtgttctQgttQctCQCQQCQ 

• • | | • | • * • • • 

2341 2349 

2353 

HboII HboII 
Bbvl HboII Fokl HboII HboII 

I II III I 

tactgctgcgQCQCCQgQtgQtgQQgQQgQaQtQctQQtgaaQQQtQgtQggQtgaagaQQQgttcttCQQCQCQCCQag 2480 
QtgQcgQcgctgtggtctQctacttcttctttatgattactttttQtcatcctQcttcttttcQQgaagttgtgtggttc 
| . • | I ' ' *l I ' I * I 

2405 2423 2451 2465 2480 

2426 BsrI 2 455 

QQgQtgQCQQQQgQQttQQQQQQgggggggggggQQQQgggaQQgQCtggtttQQgQQQtCQQgagQtQCtgQCQQCCQg 2560 
ttctQctgttttcttQattttttcccccccccccttttccctttctgaccQQQttctttQgttctctQtgactgttggtc 

• • • ' ■ | • • • • 

2526 

acatcQo.catco.gat cQCQQQcccaca t caaaagggcaQaagaaaa tc t caaaaacaacaaccaccaacaccgacacaaa 2640 
tgtagt tgtagtctagtgt t tgggt gtagt 1 1 tecegt 1 1 tct 1 1 tagagt 1 1 1 tgt tgt tggcggt tgtggctgtgt 1 1 
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ggggcQQQCQgQQQCQCQgQCQgaQtcQtcagQQacQCQQtccccQtcQtggQQtcccQttQtcgQCQQCQQCQctgQCC 2720 

ccccgt ttgtct t tgtgtctgtct tQgtagtct t tgtgttaggggtQgtQCCttQgggtaatagctgt tgt tgttQctgg 

• ••«•• 

gaaccgaQCQgacQagcQCQQCccccccQQCQacQQc t cccaga t caac t eg t QCQaaagaa t caa t ccgQQcaaac t c t 2800 

ctt ggct tgtctgt tcgtgt tgggggggt tgt tgt tgagggtctagt tgagcatgt tt tct tagt taggct tgtttgaga 

• •■ 

HboII 

Hfal Ksp632I Clol 

I I I 

goat ccQQQCccQQgacQCQQQQgQCQQ 1 1 ggQQQggQQaggaQggQ t QCQgaQgagagcaa tcgattt Qcagagagggc 2880 

cttQggtttgggttctgtgttttctgttQQcctttcctttccttcctQtgtcttctctcgttagctQQQtgtctctcccg 

• • | • • • | • | • « 

2826 2852 2862 

2852 
BsqBI 

I 

QattQctctattgcagQdtcttggtgtQattcQQtctacactaaaactQgQtttQtQtcaagacaaacgagttgtQtgtg 2960 
ttQQtgQgatQQcgtct tagaaccQcattQagt tQgQtgtQgttttgQtctQQQtQtagt tctgt t tgctcQQCQtacQC 

• • * « | • • • 

2930 

SfoNI 
I 

tagcQaQtgtactQaacQQtgtQgQtQctgcQtcQQagatQgacttcctQgcaggattaggcataggggtttcQQtggQC 3040 
ategt t tacatgat t tgt tacatctotgoegtagt t tctatctgaaggatcgtcctQatcagtQtccccQQQgttacctg 

• • | • • • • • 

2990 

Vspl 

Asal Ball I HboII 

I I I 

QatgacQCQQaQttaQtQCQgQtQcaQQQtgQQQtgttQQacctcQQQgcagatctQQQgQgQatggQcgQQtcacQtQg 3120 
ttQctgtgttttaat tatgtctatgttttact ttacaatttggagtttcgtctagatttctcttacctgcttQgtgtatc 

• | • • • • | » • | 

3052 3091 3120 

3052 Bell BsqRI 

I ' I 

QQgQttgQtQgQQQQtcQQQgagQQCQQCtgtcQttgQtcQcatcgttQQtttcQaQtcttQQQQttQtgactgagagQg 3200 

t tctaactatct tt tagtttctcttgt tgacQgtQQctQgtgtQgcQQt taaagt ttagaat 1 1 taQtactgactctctc 

• • • | « • • • |* 

3156 3198 

Bell HboII 
I I 

gaggQaagaaQgQCCQQQatgQQtccQQtgagQgagtatctatgatcQagacQQQQttgaaQgaagaQQQgQtCQQgaaa 3280 
ctcctttctttctggttttQcttaggttQctctctcQtogQtQctQgttctgttttoQctttcttcttttctQgttcttt 

• • • « | • • | • • 

3243 3263 
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Bell HboII 

I I 

gaggQQQgQQQgaccQQaQtgQQtccQatgagagQgtatctatgatcaagacQQQQttgQQagQQgQQQQgatcQQgQQQ 3280 
ctcctttctttctggttttQcttQggttQCtctctcatagatactQgttctgt tttaactttcttcttttctagttcttt 

• • • • | • • | • • 

EcoRII 3243 3263 

SexAI BsqBI Nspl 

II II 
accagg 1 1 1 gacccac 1 1 a t ggaggcacaagg tat t gacQQgaa tatacctgotctata tcgacatgcaggaaatocg 1 1 3360 
tqgtccQQQCtgggtgQQtQcctccgtgttccQtQQctgttcttatatggQctQgQtQtQgctgtQcgtcctttQtgcQQ 
II ' * 4 * I • I 

3281 3332 3343 

3282 piQ , 

Bcql 
II 

QgQgQQcgacgtQCQQgttQQatcQgQgatQttQQgttcQtQCQQcgQgtcQaQtgcQQCQQgQCtQQtQctcQgQQQQg 3440 

tctct tgttgcatgt tcQQt ttQgtctctQtaattcQagtatgt tgctcagtttacgttgt tctgat tatgggtct tt tc 

• ■ • • 1 1 • • • • 

3406 

Spel 3407 
I 

tgagcagtacaQtgagatcactQgttgcagtcatcaQcaacagcQQtctcccQCQaagcQgaQQacaQtcatQtataaQc 3520 
actegtcatgt tactctogtgatcaacgtcagtagttgttgtcgt tagagggtgtttcgtcttttgttogtatatatttg 

t | • • • • ■ • 

3460 u . 

Hpal 

Nspl Hindll 
BsaOI HboII Af I III HboII Hfel 

I I I I I I Pstop 

gQactcQaacQttgcaaaaqtqatqQQqaaqtatctqaattqQtqqacatqttcaatqaaqatqttaacQattqc|ta^Qq 3600 
cttgQgtttqtQQcgttttcQctacttcttcQtagacttQQctQcctgtQCQQgttQcttctQCQQttqttQQcgatttc. 
I I I * I'll* 

3530 3545 3567 3578 3589 

3567 3584 
3584 

QtCQQQtQQQQQQQQCQQCQCCgOQtQQQtQgQCQQCQQQCQQCQgtQgQtCQQQQCCtQtCQQCQCQCQCQQQQtCQQg 3680 

togtt tatt 1 1 1 1 1 tgttgtggcttat t tatctgt tct ttgt tgtcatctagt tttggatagttgtgtggtgtt tagttc 

Vspl 
Asal 

P end H start | 

CQgogtgaQocQatogacQtcaotcQQtatac £oQtaoqaQaQQ| ttt |qqqottQQOd Qotaaottaotccttgtccaaaa 3760 
gtctcactt tgt tatctgtagt tagt tatatgtt tattct 1 1 1 taaQtcctaotttcttot t taat taggaacaggt t tt 



3743 
3743 
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PlQl 

tgQgtQtQQctQQctctgcQQtQtacQCQttcccggQgtcQtcQttctctgQgaatggtcQtQtQgaQCCQttQccQCtc 3840 

Qctcatat tgat tgagacgt tQtQtgtgtQQgggcctcQgtagtQQgQgactct taccagtQtQtct tggtaatggtgag 

• • • | • • • ♦ ♦ 

3796 

PflMI BobHI 
I I 

QQQgtcQQtgQQCQgQgQaQQgcQgtQcctcQcattQgQgttgccQQQQtcggQQQtccQCCQQQQCQtggQtcccggtQ 3920 
1 1 tcagt tQcttgtctcttttcgtcQtggagtgtQQtctcaacggttttQgcct t taggtggt t ttgtacctQgggccQt 

• • • • • • | | • 

3901 3910 

HboII 

Fokl MboII Tsp45I 

III I 
1 1 1 gga tgtcttcttactcggcttcttcgagat ggaacgaa t caaagacQQa t acgggag t g t gaa t gQ t c 1 1 gacag t g 4000 
QQacctQCQgaagQatgQgccgaQgQQgctctQccttgcttagtttctgtttatgccctcQCQCttQctagQQCtgtcac 
I j. . | • • • I • 

3924 3944 3998 

3929 

Snal 

Aval Bar I CcoRII 

I I I 

QcccgggttacaaQgtttgtggctctggatcQttaccaQtcggattagccQQatacQCtgggQQtgaccQggQattattQ 4080 
tgggcccaat gt t tcQQacaccgQgacctagtQQtggt tagcctQatcggt t tat gtgacct t toctggtcct taatQQt 

I • • • • • | • | • • 

4002 4057 4068 

4002 

BsrI HsII HboII 
I I I 

caactaaactggQcatagaagtgagaagaacagtcaaagcgaaagaaatgat tgt t tatacggtacaaaatataaaacco 4 160 
gt tgotttgacctgtQtcttcactct tcttgtcQgtttcgct ttctttQctaacaaQtQtgccQtgttt totattttggt 

4088 4094 4105 
Avail 

Styl 

Ncol AccI 

Osal BsrI SfaNl Hfal Oral 

I I I I I II 

gaactgtacccatggtccagtagactaagaaaaggaatgttgttcgatgccaacaaagttgctcttgctcctcaatgtct 4240 
cttgacatgggtaccaggtcatctgattctttttccttacaacaagctacggttgttcaacgagaacgaggagttacaga 
I • I i I * * I ' ' i ' I * 

4170 4177 4206 4228 4238 

4170 4180 
4170 

4174 
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MboII HFqI Oral 

I I I 

tccactagatQggagcQtQaaattcagQgtQatct tcgttQQttgtQcggcaattggatcQataaccttgtttQQQQttc 4320 

QggtgQtctQtcctcgtattttQQgtctcQttQgQQgcQQttQQCQtgccgttQQCctQgttQttggQQCQQattttQQg 

• • • | • • ^ * • | • 

4273 4291 4311 

BspMI 

BstXI SfoMI PstI 
II II 

ccQQgtcQQtggcQtcQctQtctctQcccQgcacQQtQtcQQtcQQtctgcQggtQcacQtcQQaQCQggggttcQgact 4400 
ggttcQgttQccgtagtgQtQgagatgggtcgtgttatagttQgttQgacgtccatgtgtQgttttgtccccaagtctga 

I ' I ' i 1 
4321 4332 4368 

4370 

Fokl HphI Avail Bell 

II II 
gattctQQagggQtagttcaaattttggQtgagaQgggtgQQQQatcQCtgQQtttcatggtccatctcggattgQtcQa 4480 
ctQQgQtttccctQtcQQgtttQQQQcctQctcttcccQCtttttQgtgQcttaaagtQccQggtQgQgcctQQctQgtt 

| . I . . | • | 

4427 4437 4460 4474 

Seal 
I 

GQgQQQQgtQggcQgaQtgtQctctgtcgQgtactgtQQQCQgQQQQtcgQgQQQQtgQgQt tgQtat 1 1 tct t tgggat 4560 

ttctt ttcQtccgtcttQCQtgQgacagctcatgQCQtttgtcttttQgctct t ttactctQQctataQQQgQQQCCCta 

• • | •••«•• 

4510 

HslI BsqBI PvuII 

HboII BsrI NspBII 

I I I I I 

tagttggaggaQtcQgtcttcQtgtcaQtgcQactgatctatQtcQQQQQcactagcaactcagctggtQttcaaQQgg 4640 
QtcQacctccttQgtcQgaagtQcagttQcgttgacctagatQtagtttttgtgatcgttcQgtcgaccataagttttcc 
I *l ' I I • * * i 

4577 4593 4623 

4581 4597 4623 

BsqBI 
I 

gagatttgttatcccttQQtggQtctQQatccacatctcaatctagttatctgggcttCQtCQgtagagQttacQQgQgt 4720 

ctctaQQcaatagggQQttacctagQtttQggtgtagagttagatcaQtagacccgQQgtQgtcQtctctaQtgttctca 

• • | • • • • • • 

4662 

SfoNI 

Fokl EcoRII 

II I 

ggatgaiat 1 1 1 ccaacct tct t tQcct ggcgagt tcagatQCtatcctaacat tat tgcQaoaggagt tgggQaaQtca 4800 

cctQcgttQQQQggttggQQgQQQtgQQccgctcQQgtctatgQtQggQttgtQQtQQcgttttcctCQQCCCttttQgt 
||* • | • • • • • • 

4721 4745 
4722 „ 1 

Fig. h 
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Spel 



I H end 

qqcqq t ggQQC tagtaatctctottttgatct gga t q t a t c t a 1 1 aagccaaagcaaQ t aagaga tjaotcQQaaajc t tjag 4880 
t tgt tacct tgatcat tagagataaaactQgaccto.tato.gato.at tcggt ttcgt t tat tctctc ttagtttttgao tc 



4810 



F start 



F 



Bbvl 
I 



HboII 



gacaaaagpagtcaataccaacaactattagcagccacactcgctggaacaagaaagaagggataaaaaQagtttaacag 4960 
ctgtt ttc ttcogt tatggttgt tgatQatcgtcggtgtgagcgaccttgttctttcttccctatttttttcaaQttgtc 

# • • | • • « • | 

4911 4960 



QagaaacaQaaacaaaQagcagagaacaccQgaQcaacaagatcQaaacacccaacccQctcaQaacgQQQatctcaQQQ 5040 
ttctttgtttttgtttttcgtgtcttgtggtcttgttgttctagttttgtgggttgggtgagttttgcttttagagtttt 

• •••• ••• 

HsII 

BstXI SfoNI 
II I 

gagattggcaacacaacaaacactgaacattjat^ccaacctcaatactgctaattattacaaccatgattatggcatctt 5120 
ctctQQCcgt tgtgt tgt ttgtgacttgtagtacggttggagttQtgacgattaQtaatgttggtactaatQccgtagaa 

• • • * • a j | • | * 

5103 5114 
5104 

HsII Hpal HboII 

EcoRV Nspl Hindll Fokl EcoRV 

I II I III 

tctgccQaatagatatcacaaQactacagcatgtaggtgtattggttaacagtcccaaagggatgaagatatcacaaaac 5200 
agQcggtttatctQtagtgttttgatgtcqtacatccacataaccaattgtcagggtttccctacttctatagtgttttg 
. | . * || I * 'III* 

5132 5149 5165 5181 5188 

5150 5165 5185 

Isp45I 

EcoRV HboII HphI 

I i 11 

tttgaaacaagatatcQtattttgagcctcataccaaaaatagaagattctaactcttgtggtgaccaacagatcaagca 5280 
aaact t tgt tctatagat taaoactcggagt at ggt 1 1 1 tatct t c taagat tgagaacaccac tggt tgtctagt tcgt 

"I * * I •II* 

5211 5243 5261 

5262 

Bell Fokl 

I I 
atacaagaggttQttggatagactgatcattcctttatatgatggattQQgattacagaaggatgtgatagtgtccaatc 5360 
tatgttctccaQtaacctatctgactagtaaggaaatatQctQcctaattctaatgtcttcctacactQtcacaggttag 

• • | • • • » | • • 

5304 5341 
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QQgQQtccQQtgQQQQCQCtgaccccQgQQCQQQQcgQttctttggQggggtQQttggQQCtQttgctctgggQgtggcQ 5440 
1 1 c 1 1 Qgg 1 1 qc 1 1 1 1 g t gac t gggg tcttgtttt gc t QagaQQCc t ccccq t tQQcc 1 1 gQt aac gagoccc t caccgt 



Acil n | f CacBI 

NspBII Mi 

II II 
QcctcagcQcaaattacQgcggcagttgctctggttgaQgccaagcaggcQQgatcagacattgQQaaQCtcaaggaagc 5520 
tggagtcgtgtttaatgtcgccgtcQQcgagaccaQgttcggttcgtccgttctagtctgtaactttttgagttccttcg 

, |. II' 

5457 5480 
5459 5485 

Sdul 

Sad EcoRII 
Bsq I HgiAI Bcql Avail 

I I III 

aQtcagggQcacQQQCQQQgcQgtgcagtcQgtccQgagctccatQggQQatttgatQgtagcaQttaQatcggtccQgg 5600 
ttQgtccctgtgtttgtttcgtcQcgtcQgtcQggtctcgaggtQtcctttQQQctQtcQtcgttQQtttQgccaggtcc 
* I ' I * * 'I * I I 

5543 5557 5582 5593 

5557 5596 
5557 

Hindll Hfel Bbvl Eco57I 

I I II 

attQtgtcaacaQQgaQQtcgtgccQtcaattgcgagQttaggttgtgaagcagcaggacttcQgttaggaattgcatta 5680 
tQQtQCQgt t gt tcct t tagcQcggtagt taQcgctctaQtccaacQCt tcgtcgtcc tgaagtcaatcc t tQQcgtQQt 
I * I * • *i | 

5606 5628 5651 5660 

HphI 
I 

QCQCQgcQttQctcQgQQttQQCQQQCQtQttcggtgQtQQCQtQggQtcQttQCQQgaQQQQgggatQQaQttQCQQgg 5760 
tgtgtcgtQQtgagtcttQQttgtttgtatQQgccQCtQttgtQtcctQgtQQtgttctttttccctattttQQtgttcc 

• • • | • • • • • 

5714 

SfoNI Acil 
I I 

tQtQgCQtCQttQtQCCgCQCQQQtQtCaCQgagQtattCQCQQCQtCQQCQgttgQtQQQtQtgQtQtttQtgQtCtQt 5840 

QtQtcgtagtaatQtggcgtgtttatQgtgtctctQtQQgtgttgtQgttgtCQQCtQtttatQctataaatQCtQgQtQ 
1*1* • • * • • • 

5765 5776 

HphI Hindll HphI Plal 

I I I I 

tQtttacQgQQtcaatQQaggtgagagttatQgQtgttgacttgaatgattQctcaatcQCCCtccaagtcagactccct 5920 
ataaatgtct tagttatttccactctcQatQtctacQactgaacttactQQtgagttagtgggaggttcagtctgagggQ 
! I ' I • * I 

5860 5876 5898 5913 



Fig. Ik 

SUBSTITUTE SHEET (RULE 26) 



WO 98/50405 PCT/US98/09270 

12/34 

Fokl 

I 

ttattQQctQgQctgctgQQCQCCCQgatttQCQgQgtagattccatQtcctQtaQcatccaQQQcagagaatggtatQt 6000 
aataattgatctgQcgQcttgtgggtctaaatgtctcatctaaggtQtagtatQt tgtaggttttgtctcttQccatata 

• t • t • | • • • 

5977 

HboII 

Ksp632I 

Earl BspHI Bsnl 

II I I 

ccctcttcccagccQCQtcQtgQCQaQQggggcatttctQggtggagcQgatgtcaQQgQQtgtQtQgaagcattcagcQ 6080 
gggagaagggtcggtgtQgtactgt tttccccgtaaagatccQCctcgtctacQgtt tcttacatatcttcgtaagtcgt 
ii • I • * • • • M 
6003 6018 6071 

6003 
6004 

EcoRII PflMI 
I I 

gttQtQtatgcccttctgQtccaggQt ttgtQctQQQccatgQQQtggQgQgctgtttQtcQggQQQCQtatcccQQtgt 6160 

CQQtatQtQcgggaQgQCtaggtcctQQQCQtgQtttggtQCtttQCCtctcgQCQQQtQgtcctttgtQtagggttQCQ 

• • I • • • • * 

6101 6118 

Osal EBseRI 

I < I 

ccQQgQQccgtggttQQQtcQgQCQttgttccQagQtQtgcQtttgtcQQtggQggagtggttgcQQQttgtQtGQCQQC 6240 

ggttcttggcQCCQQtttQgtctgtQQCQQggttctQtacgtQQQcagttacctcctcQCCQQcgtttQQCQtQttgttg 
I • • • • • | • • • 

6168 6213 

Bspl407I 

HslI 
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t ttotgacQgaat tQQcctctQtact tagttgtcgogataQQCctctt tgaacgttggt t tQtQQQcctQQt ttat ttaa 

I * * l 1 

10660 10697 

10700 

HphI 
I 

gtttQQttggttQcaccctcgtcttgaaggaagtQcaatctatgtaggtgQtccctattgtcctccQtcagataaggaac 10800 
CQQQttQQccQQtgtgggQgcQgQQcttccttcQtgttQgQtQCQtccactQgggatQQCQggQggtagtctQttccttg 

• • • • J • • • ■ 

HphI 10767 

QtatQtcat tagaggatcaccctgat tctggattt tatgt tCQtQQCccQQgQgggggtQtQgaaggQttttatcQQQQQ 10880 

tQtQtQgtQQtctcctQgtgggQctQQgacctQQQQtQCQQgtQttgggttctcccccQtQtcttcctQQQQcagttttt 

• | • ♦ . • • • * » 

10817 

PvuII 
NspBII 

Bbvl BsrDI 
II I 
ttgtggacactcatQtctQtQQgtgcQatQCQtctQgcagctgttQgdQtQggcgtaQgggtaactgcQQtggttcaagg 10960 
QQcacctgt gQgtatagQtot teaegt tQtgtagatcgtcgQCQQtct tatcegcot tcccat tgocgt taccaagt tec 

• • • | | • • • | • • 

10917 10947 
n . 10918 

rig. iu io9i8 
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QgataQtcQQgctQtQgctgtQQCQQCQagagtacccQQCQQttatgactQcagagttQagaaggagQtagtttataaag 11040 
tctattQgttcgatatcgacQttgttgttctcQtgggttgttaatactgatgtctcQQttcttcctctQtcQQQtQtttc 

• t * • • ••• 

HphI Fokl BspHI 

I II 

Qt gtggtgagat 1 1 1 1 1 gat teat t aagogaag t aa t gga t go t c t ag g t ca t gaac t taaat taQatgQQQcaat tQta 1 1 120 
tacQCcactctQQQQQQctQQgtQQttctct tCQt tQcctactQgatccQgtacttgQQtt tQQt t tQCtttgttQQtQt 

I • • • I » I • • • 

11045 11078 11090 

MboII 

EcoRI Xbal 

I I I 

QgtQgcQQgQtgttcQtQtQtQgcQQQQgQQtQtQttQcgQtgggQgQQttcttccccQQgctctgQQQgcQttQtctag 1 1200 

tcQtcgt tctQCQQgtatatatcgt 1 1 tct tatQtQQtgctQccctct taQgaaggggttcgagQct ttcgtQQtQgatc 

• • • • | • | • • | • 

11167 11196 
11171 

SfoMI 

Hboll BsraAI BsaBI MboII Mfel 

II III I 
QtgtgtcttctggtcQgQgQcagtQQtagacgaQQCQQgQtcQgcatcttcQQacttggcQacatcQtttgcQQQQgcaQ 11280 
tQCQCQgQagaccQgtctctgtcQttQtctgctttgttctQgtcgtQgQagtttgaQccgttgtagtQQQcgttttcgtt 

I . I . . M|> • • i • 

11206 11217 11239 11247 11278 

U244 

SphI 

EcoNI Nspl Fokl 

HphI Cqc8I Sty I BsaBI 

II I III 

ttgagaatggttattcacctgttctQggatatgcatgctcQQtttttaagaacattcQQcaactatatQttgcccttggg 11360 
QQCtcttQccQQtQQgtggQCQQgQtcctQtQcgtQcgagttQQQQQttcttgtQQgttgttgQtQtQtQQcgggQQCCC 
. | | • • | • • ' I II 

11295 11313 11354 11360 

11298 11313 11359 

11313 SfoNI 

Fokl SfoNI 
II I 

Qtgaat QtcQQtccQQC tQtQQCQCQgaQtQQCQQQgQt t totQt 1 1 taggQQtccQQQt tggQt gcQQtQtgcQtct 1 1 1 1 440 
tQcttQtQgttaggttgQtQttgtgtcttQtQgtttctQQQtQtaQQQtccttaggtttQQCCtQcgttQtQcgtQgQQQ 

• • « » • * 1 1 * I * 

11422 11433 
11423 

Ball 

BspHI HsII Sspl 

I ||. r 

QQtQcctgctagtgttgggggat tcQQttQCQtggccatgtcaagatgt t ttgtaQggaatQt tggcgatccatcagttg 11520 
ttQtggQcgQtcQcaaccccctQQgttaQtgtQCcggtQcagttctacQQaacQttccttQtaaccgctaggtQgtcaac 

I * *i I * I* 

11444 11471 » 11499 

Fig. lv 1,472 
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Acil SexAI 
I I 
ccgcQttQgctgatQttQQQQgQtttQttQQggcgQQCCtQttQgaccgQQgtgttctttQtQggQttQtgQQtcQQgQQ 11600 
ggcgtQQtcgQctQtQQttttctQQQtQQttccgcttggQtQQtctggcttcacaQgQQQtQtcctQQtQcttQgttctt 

11521 11600 
Plel 
HphI 

EcoRII Bsrl Eco57I MslI 

III II I 

ccQggtgQgtcQtcttttttggQctgggcttcQgacccQtQttcQtgcQQtttQccQCQQtctcQQQatQtQQccQCtQt 11680 
ggtccQCtcQgtQgQQQQQQCctgacccgQQgtctgggtQgQQgtQcgttQQQtggtgttQgQgt tt tatat tggtgata 

III* * I I* I ' 

11601 11623 11629 11638 

11604 

11607 HphI 

I 

gQtQQQQQQtQtQQCQgCQQgQQQtgtQttQCQQgQttCQCCgQQtCCQttQttQtCtggQttQttCQCQQQtQCQQtgQ 11760 

ctatt t t ttatat tgtcgt tctt tQCQtQatgttctQQgtggcttaggtQQtQQtagQCCtQQtQQgtgt ttatgttQCt 

• • • | • * • • • 

11718 

HboII 

Hboll HboII Xbol 

III I 

t agaagaaga t gaagQa 1 1 age t gag 1 1 c 1 1 ga t ggac aggaagg t qq 1 1 c t ccc t agag ttgeacotgatattet aga t 11840 
QtcttcttctQcttcttQQtcgactcQQgQQCtQcctgtccttccQttQQgQQggQtctcQacgtgtQctQtQQgatctQ 

I I * I * * * * * I 

11763 11772 11834 
11766 

BseRI 

.1 

aattctctcacQggQatcagaQatgctatQgctggQQtgttagatacgacaQaatctctQQttcgggttggcQtQaatQg 11920 
ttaagagagtgtccttagtctt tacgatatcgaccttacaatctatgctgttttagagattaagcccaaccgtatttatc 

• • • • t • • ^ 

11920 

aggaggactgacatacagtttgttgaggaaaatcagtaattacgatctagtacaatatgaaacactaagtaggactttgc 12000 
tcctcctgactgtatgtcaaacaactccttttagtcattaatgctagatcatgttatactttgtgattcatcctgaaacg 

Hgal 

HboII AccI BsrOI 

I I II 

gactaattgtaagcgacaaaatcaggtatgaagatatgtgttcggtagaccttgctatagcattgcgtqaaaogatgtgg I2Q8Q 
ctgQttQQCQttcgctattttagtccQtQcttctatQcacQagccQtctggQQcgQtatcqtQacgcagttttctacacc 

I I ' ' 

12030 12045 



f 

206.1 
12065 



Fig. Iw 

SUBSTITUTE SHEET (RULE 26) 



WO 98/50405 



24/34 



PCTAJS98/09270 



Fokl HphI 
I I 
QttcatttQtCQggQggQQggatgatQQgtggQcttgQQQcacctgatccQttQgQQttQCtQtctggggtgatQQtQQC 12160 

tQQgtQQQtQgtcctccttcctQctQttcacctgQQCtttgtggQCtQggtQQtcttQQtgQtQgaccccQctattQttg 

• | • • • * j* • 

12100 12149 
Eco.57I 

HboII BstXI Fokl Sspl 

I! II I 

QggQtcggQQCQttgtaaQQtQtgttQttcttcagQtggcacaQQCccQtQtQcttggatgtQtttQccgggtoatQttQ 12240 
tcctagccttgtQQCQttttQtQcaQtQQgQQgtctQCcgtgtttgggtQtQtgQQCCtQCQtQQQtggcccQttQtQQt 

ll * l * I * * I 

12189 12207 12217 12234 

12190 

Tsp45I 

AMi Bglll 

II I 

QQQt QggotcQgcagQQQCQggtQtQtcQtcQt t gagagt tcct tat 1 1 tggQtcagtcQCtgatgagQgatctgQggca 1 2320 

tttQtcctQgtcgtctttgtccQtQtQgtQgtQQctctcQQggQQtQQQQcctQgtcQgtgQCtQctctctQgactccgt 

• • • • • | | • |« # 

12295 12309 
12297 

Hfel BspMI Aci I BsrOI 

I III 

CQQttgggQtQtQtcQagQQtcttQgtQQQCctgcQQaQgccgcQQtQQgQQtagcQQtgatQtQtacQtgggcQtttgg 12400 
gt tQQccctotQtagt tct tagaatcat t tggacgttt tcggcgt tat tct tatcgt tac tatatatgto.cccgto.<rocc 
I ■ i *i * I ' 

12321 12350 12361 12375 

MI 
BsaAI 

EcoRV Fokl itui AflHI BsnAI 

III II I 

tQQtgQtgagatatcttggQtggQggcctcacaaatQgcQcaaacQcgtgcQaattttQcactQgatagtctcQQQattc 12480 
QttactactctQtagaacctQcctccggQgtgtttatcgtgtttgtgcQcgtttQQaatgtgatctatcagagttttaag 

I r I ' 1 1 ' * I* 

12410 12418 12424 . 12444 12469 

12445 

12445 „ t 

BsrI 

Agel Gsul 
I I I 

taacaccggtagc tacatcQQCQaat t tatcacacagat taaaggat agt gcaQcccagat gaag t tctccogtacatco 1 2560 
attgtggccatcgatgtQgttgtttaaQtQgtgtgtctQQtttcctQtgQcgttgggtctQcttcaagaggtcatgtQgt 

1 I I 

12485 12548 

12550 



Fig. Ix 
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Eso31I 

Nspl BsnAI 
HslI AfUII Bsol BsqBI 

I I II 

ttgattagggtcagcagattcataacaQtgtccaatgataacatgtctatcaaggaagctaatgagaccaaQgataccaa 12640 
QactQQtcccagtcgtctQQgtQttgttQcaggttQctQttgtQCQgQtQgttccttcgattactctggtttctQtggtt 
•I ' 'I ' * 1*1 

12581 12601 12624 12633 

12601 12624 

12624 

Hpal Sspl 
Hindll Ml HboII 

I II I 

tc t tat t tatcaQcaaataat gt taacaggat taagtgt 1 1 tcgaatat t tot t tagat tagaagaaaccacaggacaca 1 2720 
agaQtQQatagttgtttQttQcaattgtcctaQttcacaaaagcttataaatQQatctaatcttctttggtgtcctgtgt 

' I * 'II* * I 

12662 12681 12702 

12662 12685 
Bsgl Vspl AccI 

HslI SfaNl HboII Asel Plel 

I I I I III 
accccQtagttatgcQtctgcocatQgaagatgQgtgttgcattQQQgaQagttttQatgatgagcatQttaatccagag 12800 
tggggtatcQQtacgtagQcgtgtQtct tc tactcacQQcataat t tct t tcaaaat tac tactcgto.to.at taggtctc 

I ' I I * I • • * * I* It 

12725 12734 12747 12789 12798 

12738 12789 12800 

Vspl Kpnl BsrBI 

Asel BanI Acil 

I I I 

tctacQttagaattaattaggtaccctgaaagtaatgaatttatttatgataQagacccgctcaaggacgtggacttatc 12880 

agatgtaatcttaQttQQtccQtgggactttcattQcttaaataaatactatttctgggcgagttcctgcacctgaatag 
. I | . . . ! . . . 

12812 12820 12858 
12812 12820 12858 

Hfel Fokl Nspl 

I I I 

aaaacttQtggttQttaQagatcattcttacQCQQttgatatgaattattgggatgatactgacatcatacatgcQQttt 12960 

ttttgQQtQccaQtaatttctagtaagaatgtgttaactatacttQataaccctactatgactgtagtatgtacgttaaa 
• • • | • . | | • 

12913 12932 12950 

M Tsp45I BsrOI 

I - I • I 
CQQtQtgtQctgcQQttQCQQtQgcagacQCtQtgtcQCQQttQgatcgQgQtQQcttaQaQgQgQtQQtQgtCQttgcQ 13040 

gttQtQCQtgQcgttaatgttQtcgtctgtgatQcagtgttQQtctQgctctQttgQQttttctctQttQtcQgtQQcgt 
■ • • | « | • « • « | • 

12987 12995 13034 



Fig. ly 
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Vspl 

Asel Plel Aflll 

I I I 

QQtgQtgQtgatQttQQtQgcttQQtcQCtgQQtttttgQctcttgQtQtQcttgtQtttcttQQgQCQtttggtggatt 13120 

ttQCtQCtQCtQtQQttQtcgQattQgtgQCttQQQQQCtgQgaaCtQtQtgQaCQtQQQgQattCtQtQQQCCQCCtQQ 

13053 13079 13101 

13053 Avail 
Oral PpuHI 
I 11 

at tagtQQQtcQQt t tgcatacactc 1 1 tatagt t taaaaaccgaaggtagggacctcat t 1 gggat tQtQtQQtgagQQ 1 3200 
tQQtcQtttQgttQQQcgtQtgtgagQQQtQtcQQQtttttggcttccQtccctggagtQQQccctQQtQtQttQctctt 

' I -II 
13154 13171 
13172 

Sspl Fokl 

I I 
CQCtgagQgatQcttcccattCQQtQttQQQQgtQttQtctaQtgcQttatctcQtcctQQQgtQttcQQgaggttctgg 13280 
gtgQctctctQtgQQgggtQQgttQtQQttttcQtQQtQgQttQcgtQQtQgQgtQggQtttcQtQQgttctccQQgacc 

• "I * * * | * • • 

13223 13254 

flel Sspl 

I I 

gattgtggQgtcttQQQccctQtttQtggccctQQtQctgctQgtCQagaccagQtQQQQcttgccctctctQtQtgtga 13360 

ctQQCQCctcQgaQtttgggQtQQQtQccgggattQtgQcgatcQgttctggtctQttttgQQcgggagQgQtQtQCQCt 
| • • • • • • • | 

13288 13360 

Bglll Tsp45I 
I I 
QtQttcactagQtctQtttQtgagQgQQtggttgQQtggtgtQtCQCttgQQQtQtQCQtttgtgQCQgcgQtQtggQQg 13340 

tQtQQgtgQtCtQgatQQatQCtCtCttQCCQQCttQCCQCQtQgtgQQCtttQtQtgtQQQCQCtgtCgCtQtQCCttC 

| • • • • . | • 

13370 13423 

Xbal SfaNI Avail 

I II 
ttgcgQQtgatQggaQQcaQgcctttQtttctQgQcacctttcQtttgtttgttgtttagcagaoQttgcQtcttttgga 13520 
aQcgcttQctQtcctttgttcggaQQtQQQgQtctgtggQQQgtQQacQQacQQcaQQtcgtctttQQcgtQgaQaacct 

I .* ' • I' I * 

13470 13509 13518 

BsnAI Sspl 
I I 
cctQQcctgttQQQcttQacQtacttQgQgQgacttgatctQttgQQQCQatQtcttgQQttQttQtQttQQQgQcgaccc 13600 
ggQttggQcaQtttgQQttgtQtgQQtctctctgagctQgQtQQCtttgttQtQgQQCttQQtttQtQQtttctgctggg 

* * | • • • | • • 

13550 13584 



Fig. Iz 
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Pad 

Vspl SnaBI 
Bspi407I Asel BsaAI 

I II I 

CQttCttQQQtQtgtQCQQQtQtCtggQttQttQQttQQQtCgttCCCQtCQQCtgtQQCQtQCgtQQgQQQgaCtgCQa 13680 

QtgQgQatttQtQCQtgtttQtQgQcctQQtQattQQtttagcQQgggtagttgacQttgtQtgcQttctttctgacgtt 

• | II * ' I 
13613 13631 13662 

13631 13662 

13632 

BaraHI 

SsdI Bsu36I BsqBI Hboll 

I I I I I 

tcQQQtQtttQQggQttcgtggtQttQgtccacctgaggtQQttgQtgQttgggQtccgQtQgQQgatgQQQQtQtgctg 13760 
QgtttQtaQQttcctQQgcQCCQtaQtcQggtggactccQttQQctQctQQccctQggctQtcttctQcttttQtQcgQC 

I ' ' i I " I * I 

136B4 13713 13728 13743 HnpH 

13733 

U Eco47III 

I 

gQtQQCQttgtCQQQQCtQtQQQtgQtQQttgtQQtQQQgQtQQtQQQgggQQtQQaQttQQCQQtttCtggggQCtQgC 13840 

ctQttgtaQCQgttttgQtQtttactQttQQCQttQtttctQttQtttcccttQttttQQttgttQQQgacccctgQtcg 

« • • • • * * I * 

13838 

Avail 13838 
Aflll PpuHI Bglll SfoNI Agel 

I 11 I II 

gcttQQgQQctatcQggtccttQQQQtcQgQtctQtQQCQQgtgQttctgQtQQtQQtgQtQgQtcagQtgctQgtQccg 13920 
cqaat tcttgatQgtccaqgQQttttQgtctQgQtQt tgttCQCtQQgQctat tQttQCtQtctagtctacgQtcatggc 
I || • I' • • • I • I # 

13842 13855 13869 13908 13917 

13856 Hfel Spel 

gtggtttgacacttcctCQQggggggQQttQtctQtcQCQtcQQttgagattQttcggQQtCQQCQgcQCtQgttgtctg 14000 
caccQQQCtgtgQQggQgttccccccttQQtQgQtQgtgtQgttQQctctQQtQQgccttQgttgtcgtgatcQQCQgQC 

• * • • | • • I * * 

13962 13989 
Styl 
Hboll 
Ksp632I 
Earl 

EcoRII Sapl Avrll 
I 111 I 

aaagctcttgagttatcacQQattttaatgaaggaagttaataaagaccaggacQggctcttcctaggagaaggagcagg 14080 
tttcgagQactcaatagtgtttaaaattacttccttcaattatttctggtcctgtccgagaaggatcctcttcctcgtcc 

I • III* i 
14048 14057 14063 
14058 
14058 



iq. laa 
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PstI 

Nspl BspHI 
Nhel Avail 
Cac8I SfoMI PpuHI 

II I II I I 

QgctQtgctQgcQtgttQtgQtgccQCQttQggQcctgcQgttQQttQttQtQQttccggtttgQQtQtQQcagQtgtQQ 14160 
tcgatacgQtcgtQCQQtQctQcggtgtQQtcctggacgtcQQttQQtQQtQttQQggccQQQCttQtQttgtctQcatt 

I -I I -II I 1 * 

14087 14100 14111 

14087 14112 

14091 14114 

14116 

Sspl 

Hindll Xmnl Eco57I Tsp45I 

I I I I I 

ttggtcQQcgagQQttgaQQQtQttcccttcQgaggtQtcQttagtQggtQQQQaQttQggQQQtgtgQCQCQgQtcctt 14240 

QQCCQgttgctcttQQcttttQtQQgggQQgtctccQtQgtQQtcQtccattttttQQtcctttQCQctgtgtctQggaQ 

I • II I * * ' I * 

14164 14177 14188 14226 

14180 BsmBI 

Seal Xcnl Bsml BsmAI 

I I II 

QQtQgggtaQQQgtQCtgttcQQtggQQQtccQQQttcQQCQtggQtQggQQQtQtggaQtgcgagQcgttQQtQtggQg 14320 

ttQtcccQttttcQtgQCQQgttQcctttQggtttaagttgtacctQtcctttQtQccttQcgctctgcQQttQtQQctc 
. I . .f . . | • | 

14252 14271 14298 141304 

141304 

Xmnl 
HboII 
I I 

tgaattgaQtgataQgtctQttggQttggtacattgtgQtatggaaggagctQtcggtaQOtcagaagaaactgttctac 14400 
QcttQQcttQctQttcagQtQacctQaccQtqtQQcactQtQccttcctcgatQgccQtttQgtcttcttcgQCQQgatg 

• • • • • * I I * * 

14385 
14388 

HslI Fokl 

I I 
QtgQQCQCtatQgtgttQtQQgaQttQCQtQCttgQttggggQtgatgQtgttgttttQQtttccQQaattQtQCCtQCQ 14480 
tQcttgtgatotcQCQQtQttcttQQtgtQtgQQCtaacccctQctQctQcaQCQQQattQQQggttttQQtQtggQtgt 

i • • • «| • • • • 

14406 14441 
Xbal 

QtcQctccgQQttggtctQgQatQctttQtctQtQtQQgttQtQttggaQQgQttgQQgtQtaQtQtcacttQQaacttc 14560 
tQgtgQggcttQQccagQtcttQtgQQQtagQtQtQttcaatQtQQCCtttctacQttcatattQtQgtgQQttttgoag 

• | • • • • • • * 

Fig. lob 
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SfoNI SfoNI 

I I 
tQQtcctgcQtcQQcagQQttQtQtctQQtttcQQQQgatgcgtQttgtQCtQtQQtggQQCctQgtgaQgttgttttQt 14640 

QttQggQcgtQgttgtcttaQtQtQgQttQQQgttttctQcgcQtaocQtgQtQttQccttggQtcQCttcQQCOQdatQ 

14S68 14598 

Tsp45I HboII HboII 
I I I 

CQQQQCttQQQQgQttgtCQCtCttggQQgQQaatQQtCtQttQQQQtggQtCQttttQtCQQQgaQgQQQQQtQQtgQQ 14720 

gttttgaat tttctQQCQgtgQgaQccttcttttQttQgQtQQttttQcctQgtQQQQtagtttcttctttt tQttQctt 

14557 14667 14705 

Eco31I 

BsnAI 

BspHI BsqI Ndel 

I II 
tggttQCQtcQtgQQQtcQQQgQQggggQQQgagQttQtggagttQtgttgQCCQtQtCQtatggcQttQCQQQtttttgg 14800 

QCCQQtqtQqtQCtttQQtttCttCCCCtttCtCtQQtQCCtCQQtaCtCtggtQtQgtQtQCCgtaQtgtttQQQQOCC 

3 i: . • • | • | • 

14729 14768 14778 

14768 
14768 

Oral Bglll 
Swiil Gsul 

II I I 

at t tcQQQtcQQt t taaQtcatctggcgaQQgaat 1 1 1 tQtcaQctccQgQtctgactQQtQtcQQCQatQtaQtccQQQ 14880 
taaagt t tagt taaQt t togtagaccgct t tcttaaaaQtagt tgaggtctogac tgat tatagt tgt tatQttQggt 1 1 

ll * * I I* 

14812 14845 

14813 . 14849 

Vspl 

Fokl Asel BspHI BsnAI Acil 

I I I I I 

gttttcagagaacQatcaaggatgttttgtttgaatggattaatatQactcQtgatggtaagQagcataaattQggcggg 14960 
CQQQQgtctcttgttQgttcctQCQQQQCQQQCttacctaQttatQttgQgtQctQCCQttctctgtQtttQatccgccc 

U900 14919 14930 14942 14956 

14919 

Spel 

HboII 
Bbsl 
I I 

QgQtQtQQCQtQttcccQctgQQQQQtQQggggaQQttQQgactgctatcgagQQgQctQgtQttQQgttggatttcQtt 15040 
tctatat tgtatQQgggtgac 1 1 1 1 1 at tcccct t taat tct gacgatogctct tct gatcataat tcaacctaQQgtQQ 

« • • • * I I * * * 

15013 

_ 1 15013 

Fig. Ice ison 
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Sdul 

Plel HgiAI Bsri 

I I I 

g t cat t q t cgQC t ego 1 1 qc 1 1 QCQgg teg 1 1 1 1 cc t gat gaaoaa 1 1 1 gQQCQ t QgogcQcagac t ggat q t gt g t ca t 15120 
CQgtQQtQgctgagctQQtgaQtgtccQgcQQQQggQctQctttttQQQcttgtatctcgtgtctgacctatQcacQgta 

| • • * • | • | • • 

15050 15097 15105 

15097 

tQCCtgQtQctgQtttQgQQtcattQQQgttQttgtcgQQQQQCQCCQttQQgQQttQCQgagQgttgQtQgggtcQQtQ 15200 
QtggQctQtgQctQQQtcttQgtQQtttcQQtQQCQgctttttgtggtQQttcttQQtgtctctCQcatQtcccagttQt 

EcoRI 

I 

tca.to.uggt 1 1 1 taQccaaagaagt taaaatQct tatgoaat tgat tggt ggtgctaaat tat taggaat tcccagaca 15280 

QgtQtQQCCQQQgattggtttCttCQQttttQtgQQtQCtttaQCtQQCCQCCQCgQtttQQtQQtCCttQQgggtCtgt 



HboII 



HboII 
Bbsl 



15268 



QtQtaQggQQcccgaQgaaccgttQttQgaQgactacaQtcQQcatgatgaQtttgatQtQgQttQaaatQCQaatacaa 15360 
tQtattccttgggcttcttgtcaQtaatcttctgatgttagttgtQctacttaaactatatctaattttatgtgtQtgtt 



15294 



15309 
15309 



Nspl 
AflHI 

Lend II ^Trailer 



tQQQgatQtQtCCtQQCCttt(ltCattaQgCCtQQQgQtagQCaQQtlQgtQQgQQQQQ:QtgtQQtQtQtQtQtQCCQQQ 15440 



QtttctQtQtaggattggaQQtQgtQQttcggatttctatctgttt 



HboII 
I 

CQgagttcttctcttgtttggt 15462 
gtctcQagaagagaacaQQccQ 

I ' 

15447 



t teat tct 1 1 1 1 gtacat tatatatatatggtt t 



15418 
15418 



Fig. Idd 



SUBSTITUTE SHEET (RULE 26) 



WO 98/50405 PCT/US98/09270 

31/34 



BspM 1(1908), 

Fqu I(1900) f 
BsqX 1(1686), 

Sop 1(1857) 
Bpul 1102 1(1855) 



Pqc 1(5) 
T7 Start(23) 
Not 1(30) 
Eag 1(30) 
EcoR 1(37) 
Sac 1(47) 



Pvu 11(1854) 



Nsp 1(1669) 
Alf 111(1665) 
BspLUll 1(1685) 



Drd 1(1583) 
BsaJ 1(1525) 




pOCUS-2 

(1930bp) 



AlwN 1(1276) 



Boef 1(1186) 



HglE 11(1103) 



Ban 1(1002) 




EcoR V(5I) 
Hind 111(55) 
Ava 1(61) 
Xho 1(61) 
Spe 1(67) 
Apo 1(78) 
Stl 1(82) 
Pst 1(83) 
Sse8387 1(83) 
Stu 1(85) 
Sol 1(89) 
Acc 1(90) 
Hinc 11(91) 
Bgf 11(95) 
Prne 1(104) 

Ssp 1(150) 



Xmn 1(355) 
BsaH 1(415) 
-Sea 1(474) 

Pvu 1(586) 



Fsp 1(792) 

BsnF 1(870) 

Bprn 1(886) 
Bsa 1(889) 
Pffl 108 1(936) 
Earnl 105 1(956) 



Fig. 2 



SUBSTITUTE SHEET (RULE 26) 



WO 98/50405 



PCT/US98/09270 



32/34 



AiwNI 3190 



Ahdl 2869 i 

Eco31I 2802 
BsqI 2802 
Bgll 2750 
MstI 2649 



62 SwqI 
T7 promoter 118 Sad 



PvuII 3771 
BsrBI 3673 



156 Narl 

276 BsaAI 
278 BslWI 
278 SpII 
377 Earl 




614 Bsp 14071 

736 Bsu361 
783 SphI 

852 Xcml 



Pvul 2502 
Seal 2391 
XmnI 2270 

VV pol stop 



1180 Aval 

1302 PpuMI 

1426 Hindi I 
1444 Pad 
1463 SexAI 
1551 SgrAI 



Sty I 2011 
Pmel 1937 
Bgill 1931 



1737 EcoNI 
1774 StuI 
1877 RsrII 
1903 PshAI 
1912 BstXI 



Fig. 3 



SUBSTITUTE SHEET (RULE 26) 



WO 98/50405 



33/34 



PCT/US98/09270 




Fig. 4 



SUBSTITUTE SHEET (RULE 26) 



WO 98/50405 



34/34 



PCT7US98/09270 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



IntematiaDal application No. 
PCT/US98/09270 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :C07H 21/04; C12P 19/34; CI2N 5/06, 5/08 

US CL :536/23.72, 24.1; 435/91.1, 91.51, 325, 367 
According to International Patent Classification (IPC) or to bo th national classification and IPC 

a FIELDS SEARCHED ^ 

Minimum documentation searched (classification system followed by classification symbols) 

U.S. : 536/23.72, 24.1; 435/91.1. 91.51, 325, 367 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
Please See Extra Sheet 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 1 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



GARCIN et al. A Highly Recombinogenic System for the Recovery 
of Infectious Sendai Paramyxovirus From cDNA: Generation of a 
Novel Copy-Back Nondefective Interfering Virus. 1995, Volume 
14, No. 24, pages 6087-6094, see the entire document. 

KATO et al. Initiation of Sendai Virus Multiplication From 
Transfected cDNA or RNA with Negative or Positive Sense. Genes 
to Cells. June 1996, Volume 1, pages 569-579, see the entire 
document. 

EP 0,702,085 Al (AKZO NOBEL N.V.) 20 March 1996 
(20/03/96), see the entire document and especially page 2, column 1, 
line 1, through page 4, column 6, line 34. 



1-20 



1-20 



1-20 



^] Further document* are listed in the continuation of Box C. Q See patent family annex. 



Special categories of cited dooumeots 

document defining the gram] state of tho art which is not considered 
to bo of particular relevance 

earlier document published on or after the international filing data " X * 

document which may throw doubts cm priority olaim(s) or which u 
cited to establish the publication date of another citation or other 
special reason (as specified) "Y* 

document referring to an oral disclosure, use, exhibition or other 



document published prior to the international filing date but 1 
the priority date claimed 



later document published after tho internationaj filing date or priority 
data and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevenoe; the claimed invention cannot be 
considered novel or cannot be oonaidered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 



27 JULY 1998 



Date of mailing of the international search report 




Name and mailing address of the ISA/US 
Commisjioncr of Patents and Trademark* 
Box PCT 

Washington, D.C 20231 
Facsimile No. (703) 305-3230 



Author! 



Telephone No. (703) 308-0 196 



Form PCT/ISA/210 (second shectX'uly 1992)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US98709270 



Box I Observations where certain claims were found unsearchable (Continuation of Item 1 of first sheet) 



This international report has not been established in respect of certain claims under Article I7(2Xa) for the following i 
I. Q Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



□ 



Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. Q Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Boi II Observations where unity of invention la lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 
Please See Extra Sheet 



[xj As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 



claims 



2. Q As all searchable claims could be searched without effort justifying an additional fee. this Authority did not invite payment 
of any additional fee. 

Q As only some of the required additional search fees were timely paid by the applicant this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



Q No required additional search fees were timely paid by the applicant Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest 



I 1 The additional search fees were accompanied by the applicant's protest 
£xj No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first shcet(I)XJuly 1992)* 



t 





INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US98/09270 



B. FIELDS SEARCHED 

Electronic data bases consulted (Name of data base and where practicable terms used): 
DIALOG: Medline, BIOTECH. Conf. Papers, Euro, Japio. WPI, APS 

search terms: genome, antigenome. RNA. DNA. cDNA. polymerase, promoter, ribozymc, T7, plasmid. parainfluenza, 
HPIV, paramyxovirus, L protein, P protein, NP protein, transfect?, mutat? 

BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This application contains the following inventions or groups of inventions which are not so linked as to form a single 
inventive concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees 
must be paid. 

Group I, claims 1-12, drawn to a recombinant HPIV clone and a method of using. 

Group II, claims 13-17. drawn to a host cell for producing a recombinant HPIV clone. 

Group III, claims 18-20, drawn to a method of introducing a si to-specific mutation into the genome of HPIV. 

The inventions listed as Groups Mil do not relate to a single inventive concept under PCT Rule 13.1 because, under 
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: The inventions 
are separate products, with different technical features. Rule 13.2 does not provide for multiple products. 



Form PCT/ISA/210 (extra sheetXJuly 1992)* 



